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CIRCUIT ANALYSIS INSTRUCTIONS 


PROGRAM DESCRIPTION 


Input to the program is made on a text file using a network description 
similar to that shown at the beginning of the sample printout. Output is 
designed for both CRI screen and most printers (alphanumerics are used in 
the plotting routine). 


The program writes the network equations and solves them for you, but you 
must come up with the proper equivalent circuit. Some examples at the end 
will help you in this regard. 


USES 


CIRCUIT ANALYSIS is a general purpose circuit analysis program that can be 
used to analyze circuits for: 


FREQUENCY RESPONSE 
PART TOLERANCE EFFECTS 
WORST CASE PERFORMANCE 
PRODUCTION VARIATIONS 
TEST LIMITS 

PART VALUE OPTIMIZATION 
NODE VOLTAGES 

PART POWER DISSIPATION 


The types of circuits that can be analyzed are only limited by the 
designer's ability to enter accurate equivalent circuits for the components 
used. Several examples are given of typical circuits. Below are some 
circuits that the program will handle: 


ACTIVE FILTERS 

R-F AMPLIFIERS 

AUDIO AMPLIFIERS 

VIDEO AMPLIFIERS 

L-C NETWORKS : 
AUDIO OR R-F TRANSFORMERS 
A-C POWER NETWORKS 
TRANSISTOR BIAS CIRCUITS 
OP—-AMP VOLTAGE FOLLOWERS 


HOW TO USE THE PROGRAM 


1. Draw a diagram of the network, including a signal at the input and its 
source impedance. 


2. Substitute equivalent circuits for complex devices where required. 


3. Assign node "0" to all ground connections (and power supply connections 
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in the A-C analysis). Number all junctions of two or more parts with node 
numbers except junctions between volt sources and the next part (add a 
1-ohm resistor if nessary at this aaean) Start with 1 near the input with 
the highest mumber node being the output. Inputs of active devices must 
have a lower mumber than outputs. 


4. Insert the disk and '‘'boot' by turning on the computer or typing 
"PR#6'. Choose AC or DC CIRCUIT ANALYSIS from the MASTER MENU. Choose 
"MAKE A NEW FILE' and Give the file a short name (I-P FILTER, A-F AMP, 
etc.) when asked. Careful, don't use the same name twice unless you want 
the new file to replace the old. Type in the parts in order starting with 
the input voltage (VIN) first. The source impedance must be entered right 
after a voltage source (the program will remind you and automatically add 
the right node numbers). Press 'RETURN' after each entry to move to the 
next column. Use Q for part name to end the input. Don't forget to 'SAVE 
FILE ONTO DISK’. 


5. Choose from the menu and type in the frequencies when asked. Use O for 
step in 'FREQUENCY RESPONSE' if you want the frequency to double with each 
step. Try some of the examples included on the disk for practice. Follow 
the sample run as a guide if in doubt. In general, use the order on the 
MENU. 


DEFINITIONS 


FILE = A file stored on the disk containing your network data. 


FILE NAME = A name you choose to identify the network (less than 30 
characters). 


PART = Name of the part. Use any 4-character name starting with the 
proper first letter shown below: (VIN,R234,CB2,I-M,B-T ). 


Vv... =VOLTAGE GENERATOR. It must have a R, C, or L in series in the 
same branch or the program will calculate infinite branch current and 
overflow error. the first part in your network must be the input 
voltage (VIN), usually 1 volt, with part 2, its source impedance (RIN) 
in series (with the same node numbers). 


I... = CURRENT GENERATOR. 


os I Ne ea) a sources should be listed before other 
parts. The program will sort them to the beginning. 


R..- = RESISTOR. Any 4-character name starting with "R" may be used 
(R1,RGEN,R234,RB! ) 


Coe 


CAPACITOR. 


Bi a's 


INDUCTOR. 
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B... = CURREN’ CONTROLLED CURRENT GENERATOR (BETA of a transistor). 
Current flows to (or from) the emitter in both the base and collector 
of a transistor. Add a i-ohm resistor in series with the base to 
sense the current if necessary. 


Guiss = VOLTAGE CONTROLLED CURRENT GENERATOR (GM). Control part 
polarity: current flows to (or fram) the source in both the gate and 
drain of a J-FET or MOS-FET. For an OP-AMP: INPUT (C-—PART) - FN=+, 
TN=— OUTPUT (G) - FN=0, TN=OUTPUT, OUTPUT Z — FN=OUTPUT, TN=O. *NOTE* 
THE CONTROL PART MUST ALWAYS BE LISTED FIRST. 


VALUE = PART VALUE. .1E-6 would be .1 uF. 10E6 = 10 Megohms, 6.5E-3 
= 6.5 mH. (E stands for the exponent of 10.) 'O' is a legal value 
only for voltage sources (the source impedance limits the current). 


TOL = TOLERANCE in %. 5 = 5%, O = Of An absolute value can be spec- 
ified by using a '-' TOL. (To specify a +/- 7 mv offset for an 
OP-AMP, use'O' for VALUE and '~.007' for TOL.) 


FROM = FROM-NODE. Current is assumed to flow from this node, through 
the part, to the TO-NODE. Ground is node zero. 


TO = TO-NODE. Note that current flow is arbitrary (if you guess wrong 
the calculated current is nega- tive, but the answer is right), except 
as specified above. In general, current flows from the highest 
voltage node toward ground. 


C-PART= CONTROL PART. Use the name of the part that carries the 
control current (R-B' for a transistor or R-IN for an OP—AMP). 


MIN/MAX TO %TOL 


This program can be used to convert data from the MIN/MAX form to the 
NOMINAL +/— TOLERANCE form used in this program. 


REMOVE OLD FILES 
This is used to remove unwanted files from the disk. 


AC CIRCUITS 


Enter your name and date when requested for later printout. It is not 
necessary to activate the printer until after loading your circuit. Be 
sure to REVIEW you file with the printer on as a record of the circuit 
being analyzed. The printer is automatically disabled during INPUT and 
MENU operations. 


LOAD A FILE 


If you have more than one drive, always put the APPLE/CIRCUIT disk in drive 
1. The number in the upper right corner during the catalog display shows 
the number of free sectors left on the disk. When this number is less than 
20 it is time to start saving files on another disk. DC. or AC. are 
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preprinted for you to make sure you call for the right type of file. If 
you get an error message, make sure you typed in the name exactly as shown 
on the listing. When you have many files on a disk, the first part of the 
list will be shown first, and any key can be pressed to view the rest of 
the list. Do not enter the file name until requested. If you discover 
that you have the wrong disk in the drive, use 'RETURN' to go to the menu 
while you change disks, then repeat 'LOAD'. 


NOMINAL OUTPUT 


This can be used for a quick look at the performance at one frequency. 


FREQUENCY RESPONSE 


Input required is the lowest frequency desired, the highest frequency 
flesired, and frequency change for each step. (An example is 1000,3000,100 
which would start at 1000 Hz, and step in 100 Hz increments until 3000 Hz.) 
The program will handle a maximum of 30 steps at one time. For a quick 
sweep, use 'O' for step size, and the program will double the frequency 
with each step. (Example: 20,20000,0) The plotting is completely 
automatic once you answer 'Y'. The plot uses letters to be compatible with 
all printers. 'D' is used for decibels, 'A' is used for phase angle, and 
'X' is used where the curves cross. Repeat the response with new limits 
for additional detail at any frequency. If the frequency exceeds 1 MHz, 
'M' will be added to the printout to show this. 


WORST CASE & PART EFFECTS 


This routine will check each part for its effect on the output and the 
effect of its tolerance. This will aid you in choosing the tight 
tolerances where they will do some good! A negative value indicates that 
the output goes up as the part value goes down. The WORST CASE shows the 
results if all parts go to the worst tolerance direction. 


TRIAL RUN & TEST LIMITS 


This is sometimes referred to as a MONTE CARLO analysis. Part values are 
picked at random as they would be on an assembly line, and the results 
summarized statistically. 10 trials are reasonable, 30 should be used for 
final test limit specifications. Statistics are adjusted for sample size. 


OPTIMIZE A PART 


A very useful routine, with this you can adjust any part in your circuit to 
.get the exact output you want. Be sure to pick a part that has a large 
effect on the output as shown in the PART EFFECTS above. If your part 
can't be adjusted low enough, the program will call for a negative value! 
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DIFFERENT OUTPUT NODE 


This allows you to run all of the tests on a different node in your 
circuit. Be sure to check the results for reasonableness, and the REVIEW 
FILE for errors, as this can place outputs before inputs. Use this for 
looking at the low-pass, band-pass, and high-pass outputs of state variable 
filters. 


CHANGES TO CURRENT FILE 


You will use this a lot. Any file errors will automatically abort to this 
routine. To change a part in your circuit, type in a new line starting 
with the same part name. That line will automatically be substituted for 
the original line. Refer to the EXAMPLES and use 'RETURN' after each entry 
to move to the next colum. Use the back arrow for corrections before 
"RETURN', and type a new line for later corrections. To delete a part or 
change the name of a part, type the old name, and use 'D' for VALUE. The 
program will sort all voltage and current sources to the beginning and all 
dependent voltage and current sources (B,G) to the end. Use 'Q' for PART 
to signal the end of your circuit. 


MAKE A NEW FILE 


The procedure is the same as above. Name your file with a short name you 
will recognize later. You can use 'Q' to exit the routine with an 
incomplete file and save it for later completion. (If there is an error 
when the program tries to assemble your incomplete file just abort to the 
mem and 'SAVE FILE ONTO DISK'.) CAUTION: Do not abort these routines 
during normal loading as this will interrupt circuit assembly, causing 
errors in computation. 


SAVE FILE TO DISK 


If you want to save a new version of an old file, use FILE! or FILE2 for a 
name to avoid overwriting FILE. The program will warn you before 
overwriting a file. 


DC CIRCUIT 


This is similar to AC CIRCUIT, except that power supply and bias voltages 
are used instead of signal voltages. This is a linear program that will 
come up with impossible voltages if they are required to satisfy the 
circuit values you enter. A separate equivalent circuit should be used for 
saturation conditions. This program is very useful for checking amplifier 

bias and power supply variations. 
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VOLIAGES AND POWERS 


With one calculation, this routine will calculate all node voltages and all 
part dissipations. No additional input is required. 


ERROR CODES 


Should you get an 'ERROR #16' or similar message, the code can be found on 
page 81 of the APPLESOFT reference manual and page 115 of the DOS manual. 
Error trapping is used to prevent you from dropping out of the program and 
losing valuable data before you have a chance to save it. "PART NOT FOUND" 
error when the part is there is likely caused by entering an extra space 
with the name of the part. 


ABORT 


"RETURN' can be used in response to most requests for input to jump to the 
MENU. Do not use 'RETURN' alone during data entry into a file as you may 
lose your data due to not completing the input routine. It can be used for 
a quick exit when you find yourself in the wrong routine. The program will 
not abort during a long calculation until the next print-out, and then only 
with 'ESC' to prevent accidental aborting of a long calculation with loss 
of valuable data. NOTE: When you 'LOAD A file, the program automatically 
reviews the file as it checks for errors, and then assembles the 
connections. Do not abort this routine or the program will error out 
during calculation. 


MAXIMUM CIRCUIT SIZE 
A-C ANALYSIS D-C ANALYSIS 
60 PARTS 80 PARTS 
30 NODES 40 NODES 
ACCURACY 


During the network solution, rows and columns of the matrix are mltiplied 
and subtracted. Thus, for maximum accuracy extremely large and extremely 
small values should not be used in the same circuit analysis. If a 
component can be neglected, then leave it out. If in doubt, try a run with 
and without the part. One calculation cycle may take more than six minutes 
on a 60 part A-C network. Both accuracy and speed are better on small 
circuits, so analyze smaller blocks where possible to avoid errors (both 
computer and operator). 


PRINTER 


The printer routines in this program will work automatically with the APPLE 
SILENTYPE or PARALLEL INTERFACE cards. It will also work with any cards 
that can be called with "PR#(slot)". If your printer requires another 
input, set it up beforehand and don" use the printer command in CIRCUIT 
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ANALYSIS. Since this disk mst be booted to ran, some printer interfaces 
still may not work. NOTE: This program is set up to use 40 columns on the 


printer so you can use the TV monitor at the same time. DO NOT CALL FOR 80 
COLUMNS. 
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TRANSISTOR AMPLIFIER (AC.TR AMP) 


+ 
R3 


2<——R2———4 
t t 
2<—-————-CCB4. 
' ! 
! +<—B—4 
! ! ! 
4+—C1—>1—R1—>2—RB-—>3<—RC—4 
? ! ! 


RE RB 
VIN ! ! 

! Vv Vv 

oe 


PART VALUE ‘TOL# FROM TO C-PART 


VIN 1 0 
C1 .1E-6 10 
R1 1000 5 
RB 100 20 
RE 26 10 
Re. GG <5 


RC 156 30 
R3  ~=1000 5 
B 120 30 


PPPRARUIMD-OO 
WOW PM h OU NM — — 
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NOTES 
The "I" equivalent circuit used above is recommended since the input and 
output impedance change properly as BETA (HFE) varies (during tolerance 
analysis). Node #'s are shown at nodes. Arrows n* vy — <" show current 
flow. 
2 
3 


4 = the collector node. 


the base node. 


the internal collector—base junction. 


O = the emitter node (ground). 


RB = the base (spreading) resistance of the transistor. 100 ohms is used as 
a typical value. This is the control branch (current sense) for B (HFE). 


RE = the equivalent resistance of the foreward biased base-emitter junction. 


At room temperature this equals .026/IE (1 ma. assum ed above). 
RC = common-base output impedance, equal to 1/HOB (or HFE/HOE). 
CCB = collector—base capacitance. 


B = HFE, the current gain of the transistor. 
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OP-AMP ACTIVE FILTER (AC.FILTER) 





PART. VALUE  TOI# FROM TO C-PART 


RIN1 


G2 155 
RS3 =10E3 
CFB3 5.6E-9 
RIN3 156 
RO3 = =100 
G3 1E5 
R2-1 440K3 
R3—1 10E3 


RIN2 


RINS 


ADMDOAOCADMDOWMDOAMDFOFUUF —-OO 
VMVUIADTDOAAGAHDWOUIUMFOONMNN-— 


NOTES 
This is a three-amplifier, statevariable 3-kHz bandpass filter. The normal 
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output is node 8. Look at node 7 to see the low-pass response, or node 4 
to see the high- pass response. 
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TRANSISTOR AMPLIFIER (DC.TR AMP) 


+ 


R2 


R1 


2<-Rl—4<-Re-1 


! RCC 

+<-VBE-3 
i] i] 
RE VCC 
Vv ! 
ens 5 


PART VALUE TOL FROM TO C—PART 


vec 5 O O° 4 
RCC 1 e) ne, 
VBE .6 10 ee 
RB 100 10 . in 
RE 26 10 ame 
R1 = 100E3 5 4 2 
R2 155 5 1 4 
Bee 30 3 4 RB 


NOTES 


The current flows out of the emitter node (3) to the base (2) and collector 
(4) to obtain the correct polarity for VBE. 


1 = the supply node. 

2 = the base node. 

3 = the internal emitter node. 

4 = the collector node. 

VBE = the foreward voltage of the base-emitter junction. 
(Other parts are similar to AC.TR AMP.) 
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VOLTAGE FOLLOWER 4DC.OP AMP) 


4 
VS 3 


> 


1-VOS-ROS—>2———+ 
ies | 


RIN ! 

! ! IBt 

RS Wien 
Ton 
VS ee TS a 
! NN Gens © saat 
! sa, Meee ee 
ee Oe Oe Oren e) 


PART VALUE TOL% FROM TO C—PART 


2 eee, 0 Di ii 
a 0 aN 
vos 0O mile Tg 
ROS 1 0 Vii 
IB+ .25E-6 20 Mey 
IB- .25E-6 20 i Bait 
RIN 156 30 A pie 
RO 100 fe) b a, 
G 1E3 30 Ooo Tae 


NOTES 


This example shows how to introduce op-amp input off-set voltage and bias 
currents into the equivalent circuit. 


2 = the non-inverting input. ; 

3 = the inverting input (which isconnected to the output 3). 
VS = the input signal voltage. 

VOS = the input offset (+/-.012 V.). 

IB = the input bias current (.25 uA.). 

RO = the output impedance. 

G = gm = (voltage gain/RO) (Voltage gain = 100,000) 
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APPENIDX A — SAMPLE RUNS 


c 
MMM KK MR KK HOOK KK 
wx APFLE/CIRCUIT 1.0 HK 


ay AK 
x DC.TR AMP xx 
OK | xx 


*x JOHN DOE 2/16/81 xx 
MR MH KK RR RK KK RK KKK KKK KOK 


 ciethoadensdbasadtnactvanathasedbacedicentbanstbenettosttanedbesedtcsatbeacticactbocetasedvcestboseticcetboeatbenaditaatenetbcetantacrttcestionstenatinen ter ekeataa te teat 
eee Gene Hone Oem SOEs meee Ome MORE FEY) Sam Mee Smee Am SOD SETS SERS SEEPS TEES OEIE CHEE amo EL] TeEe Diee UMN fees Bene Me Cone Smee enue OED cert Sate fame fee omen omee 


<< FILE - DC.TR AMP >> 


PART VALUE TOLZ FROM TO C-FART 
VCC 93 V 0 0 1 
VBE .é V 10 3 2 
RCC 1 OHM 90 0 1 
RB 100 OHM 10 3 2 
26 OHM 10 3 0 
R1 100000 OHM %S 4 2 
R 1000 OHM 3S 1 4 
B 150 30 3 4 RB 


pnd md onde ered rendered penedpnnad endpered porns -eradpesedoen ieee deemdece par endverdoebaerdieeedeesler- peepee pvendbooed-oedpeendpooedpooed 
‘Sar Sas See Sits Seew cose ome aun> cues anno cans pun Snub Suse quae Gok Sune Sone cum cans Sonm cosy euan Suse Step Stes eas anep cose Seee Seas seue Guan Saas Sue anus Gan Geae 


<< VOLTAGES ANDI FOWERS >> 
NODES VOLTAGE: 


1 4.997 39632 
2 6669420045 
3 30676957516 
& 259371338 
(NEGATIVE POWER = SUPPLYING POWER) 


PART: POWER( MW. >; 


POS Tae GENE SIMD GHD AIO GER EEE Mee! Ae Ame HERE Gm ER GS Ot me 


VCC -13..02 

REE 2.01 

= a 

Ri .03 

R2 é.78 

MERIT eo EA ORE NGO RENE 
<< PART EFFECTS & WORST CASE >> 

PART EFFECT ON TOLERANCE 

NAME OUTPUT % EFFECT % 

VCC 85.15 0 

UBE 14.85 1.48. 

RCC ~ 044213939 0 

RB 042894991 4.2894991E-03 

RE i.67 6167491235 

Ri 42.5 2.13 

R2 —hsh 08 -2.2 

B ~42 017 -12.65 

WORST CASE: OUTPUT VOLTS 

MINIMUM = 1.99435713 

NOMINAL = 4 es Taa8 

MAX IMUM = 3,90618289 

TOTAL RANGE = .911825764 (38.09 %) 


[RED ADH EPS COMA URN OME MPO FAUT CU! Ann ERED HA HEED OO ERE LEE OGD SRE LOD he HNO ine OEE dene GEO? Onde Cree Set meee ETEE STDs Gorn Seew SER OuaD EmED Gory omer 
HORT NED EROS SRE AOE SLID RO EaD BONS SI Oe Shere MEL Nive RIS ORS MET RES GROH h MO ABN ERR AReY OARS Amma MoerK enn Uae BHR ONES Gene Coen CEE TEE Cee One TOE 


<< TRIAL RUN & TEST LIMITS >> 


. NUMBER OF TRIALS (10) = 10 


NOMINAL = 2.39371338 VOLTS 
AVERAGE = 2,.34458921 VOLTS 
STD DEV = .204396026 VOLTS 
99 PERCENT FALL, WITHIN: 

MINIMUM = 1.81724746 VOLTS 
MAXIMUM = 2,.87173096 VOLTS 


CSSD CSSD CUTS CORE GOS COEF SENS HETT CFSE SE5e SHEE BEES CHES SHEE EEE) GEES CEOS EEG CUED SOES S4ES SEES KOSS F100 EHOe OTOe SEES SEED CFTR OOTE Shee ORES EEE CESS SETS BLES Seay CFSE 
SRD CED TOE COSS SEES CCSD SURE CONT CORE BER e Sree Geen Ons SoEe BEEN MENS EEE COCO COED CREE Coes Bran Bory SEES FEES BHO COWe CROE MEDS TNGT BESS SHES THES SOD Shes FIT Stee Ste 


<< QFTIMIZE A FART >> 
OPTIMIZED = 


AGE = 2,5 


PART TO BE 
BDESTRED VOL 


PART Ri 
OUTPUT VOLTAGE 


FART Rl = 
OUTPUT VOLTAGE = 


Poe PSR Poe 


PART Ki = 
QUTPUT VOLTAGE = 
ANOTHER TRY (Y/N)? N 

RETURN PART TO ORIGINAL VALUE (Y/N)? Y 


CORD GENE GOOD CURE TEED Some CEE Vee? Bore Hoe HOee Cree Coes EEO Kmne ORES CECE SEES HOEY Been Hemme SEhe Foun TENE Dew HOI COS DEER BOSD Coat CEOS OOOO CEmE LOE Ome BONE COs EDOe 
CREE COCO COED TEEPE FEEL COLL FETE HeEE DESH CHF HOES Heme CEE COTE CURE EET CRED OHS CEES SESE HERE Home HEE HOTS BOT THRE FOE TESS MRED FSCS TOM BOOS COED FOG BED FS GOED TOmE 


CAUTION NODE EXCHANGE CAN CAUSE ERRORS 
NEW OUTFUT NODE # = 3 

NODE 3 15 NOW NODE 4 

NODE 4 IS NOW NODE 3 


CUO Vi HOLE COMO COED OOH UAT ONEE EEeY COED GSES EOCD LEGA COUT CUED SOOO CEST FERS CKHTe HORE Mowe HE CHBO OURS OED OF Er CED FFB SOME MOOR GERG CORO Care ORD BED MOTE OBER o- He 
ABD OPED WED OOPS CLLS OOS OER COST CES OPTS Whae COTS BAY UMEG HOG COED COTM OREO HEEFT OMEN HWED FORO CHU BNE HCG CBS ORE SPOO CFA ONT SME SHED THEE ETRD GOSS COME ORES Oow 


“<< FILE ~- DC.TR AMP >> 


PART VALUE TOLZA FROM TO C-FPART 
VCC. 3 V ¢) ¢) 1 
VBE .6 V 10 4 2 
RCC 1 OHM O Q 1 
RB 100 QHM 10 4 2 
RE 26 OHM 10 4 Q 
Ri 190000 OHM & 3 2 
R2 1000 OHM S 1 Ss 
IO BO BE OE I Te 
<< TRIAL RUN & TEST LIMITS => 
NUMBER OF TRIALS (10) = 10 
NOMINAL = .067697373516 OLTS 
AVERAGE = .067649473533 VOLTS 
STD DEV = 9,61904149E-03 VOLTS 
99 PERCENT FALL WITHIN: 
MINIMUM = .0428323483 VOLTS 
wo. MAXIMUM = .0924666023 VOLTS 
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<< END OF DC.TR AMF >> 
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< PART EFFECTS & WORST CASE >> 
FREQUENCY IN HERTZ = 1000 


PART EFFECT ON TOLERANCE 
NAME OUTPUT % EFFECT Z 
VIN 100 Q 
C1 a9 21 2.92 
R1 -28.53 -1.43 
RB ~1,.32 ~ 263662812 
RE 341 3 ~4.13 

3 ef 1.62 A b 
CCR —.0928452364 ~9,28452364E-03 

0279439104 8.38317311E-03 
RZ 67.95 1 De 
R 27.6 8.28 
WORST CASE! OUTPUT DECIBELS FHASE-DEG 
MINIMUM=14.1518717 23.02 ~143.98 
NOMINAL =18. 2265718 2524 -147.23 
MAX IMUM=22 .3661475 26.99 ~149.08 
TOTAL RANGE = 45.07 % 3.97 ___ S11 

<< TRIAL RUN & TEST LIMITS >> 

FREQUENCY IN HERTZ = 1000 
NUMBER OF TRIALS (10)= 10 
NOMINAL = 18.2265718 25.21 ODE 
AVERAGE = 17.7997719 25.01 DB 
STH DEV = 1.22260462 
99 PERCENT FALL WITHIN: 

MINIMUM = 14.6454519 23.31 OB 
MAXIMUM = 20.9540918 26.43 0B __ 
<< OFTIMIZE A PART >> 

FREQUENCY IN HERTZ = 1000 
ART TO BE OFTIMIZEL = RS 
PARAMETER TO BE OFTIMIZED: 
(1=VOLTS, 2=DR,y 3=DEGREES)= 2 
DESIRED PARAMETER VALUE = 20 
PART R3 = 1000 

PARAM. VALUE = 25.2140998 

PART RZ = 975 .483234 
PARAM. VALUE = 25.0664834 

PART R3 = 142,405544 
PARAM. VALUE = 10.9331799 

PART R3 = 300.724402 
PARAM. VALUE = 16.8938559 

PART R23 = 4£22,814195 
PARAM. VALUE = 19.4565468 

PART R3 = 454,.336918 
PARAM. VALUE = 19.9805549 

PART R23 = 455 .563974 
PARAM. VALUE = 20.0000833 


ANOTHER TRY (Y/N)? N 
RETURN PART TO ORIGINAL VALUE (Y/N)? Y 


pe odd cacdhasedh-sarthocediasdaset-eeliansttendhantianstbasadtesedandtasedtsandtiandiesedhonatteseterdanedterstasetiantestesdaseiiershast te ehieekee hese eed 
Cane cums Coes Gone Coe ree mene meee eeet wen mee eee cee eee eee eee meee See eee eee cee Coes cone Seen Gene Cee nen Meee pene Meee aes Oe one Sone eee Smee See eee 


<< END) OF AC. TR AMF >: 


MRR RK MAK KK RK RK OK RO OK ORK 
Re AFFLE/CIRCUIT 1.0 xX 


Ke ae 
KM AC. TR AMP mK 
3: “xx 


ee JOHN DOE 2/16/81 ax 
ERK KAKA KKK AK AKA KK RAK MM AKA KAKA AKA KK AKAK KAKA A 
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<< FILE - AC.TR AMP >> 


PART VALUE TOLZ FROM TO C-PART 
VIN 1 V 0 0 1 

Ci ol UF 10 0 1 

Ri 1000 OHM 3 1 2 

RB 100 OHM 20 2 3 

RE 26 OHM 10 3 0 

R2 100000 OHM 3S 4 2 

CCK 10 PF 10 4 2 

RC 1 MEG 30 4 3 

R3 1000 OHM 3S 4 0 

B 120 30 4 3 RB 


Bene eRe tes MED OTS MELD GEES ORES COme CSET BOEE OUTS Cone ORES CURD SEED CORD HEED CURL SED FOND OOS? BOND mmo SPRO HUES SUES Soe OmmD COED Unee Come ODey CORD Ome: CLS anne tmET 
eons Maa GR CLs CN CREE AES CNED SECO TED SHON TIAL KMED CPO SUEY CHD Tews RPT Teme CIE HOEY NEGO ERED Pee SIM MEU ORD CED cunt CES mae CMM Cheb OED Gere COSY axe TEED 


<< NOMINAL OUTPUT >> 


FREQUENCY IN HERTZ = 1000 
VOLTAGE GAIN = 18,.22657 
DECIBELS = 25.21 
PHASE SHIFT DEG = ~-147.23 


Wome woes aus kee GS SED OIE SwOU eEUD SeeL MT DONE Heme CURD EEE LODE CRT ORDS MTS CUTE Heme TEE FORD SERS FED Teme Reno tne CAD COE fare FREY ReED GOMES STR ERD ones eres 
Ree CED OmEe ET MOTE WUE) Gewy ees ete nme Meme Caen Oem MOD MES CUO REND GOOD OESE NEDY LMR Doe RAED OEY SEER Ce etmes in ONE OT eS NT ORR AD Mane OAD em) TN 


<<. FREQUENCY RESFONSE >> 
LOWs HIGHs STEF FREQ.= 20720000270 
FREQ-HZ OUTPUT-VOLTS DECIBELS FHASE-DEG 


ree ee) em RE OLD Cre ARE EOE Ce Let EIT NERS ERS Tne CREE Sere Cone Ste Seed nun SRee Meee CERO OME SOME Sy om oe tent Crow cnn anes enee Onno enee SEEo oEED CER Ore 


20 »671648071 3.46 -91.78 
40 1,34136937 a ~93 55 
0 2. 6674888 8.52 -97 07 
60 §.21798057 14.35  -103.93 
320-96 3357803 19.68  -116.39 
640 15.2729085 23.68  -134.8 
280 19.370986 25.74  -153.34 
540 31.0374482 26.46  ~-166.06 
5120.) 31..5254543 26.66 -173.24 
10240 21.6511876 B6s31. #12224 
20480 21.6762676 26.72 -179.9 
PLOT DATA (Y/N)? Y 
DECIBELS 
- -10 10 30 
FREQ-HZ+~-~~-+-~--4----+----+-~---+---=+ 
20 + 4A 4+. Bt t+ Ae 4 
40 Oe Ok ee ee ae 
80 + Fae” Meee aes 
ae aie en a ee a a eee 
S20 8 ENS ok ee 
C0 + a Oe ee 4a eee 
1200 + A 404 4 + AS 
2560 th + + + +++ ++ DH 
S120 th tO OE ee ey 
CO a a ee ee 
50400 6 4 AS fee 
fon nate nnn tenn ten tent ot 
-180 -120 -60 0 60 120 180 
HASE ANGLE (DEG) 


Om! | iw! OMeo 


1000 
DECIBELS PHASE-DEG 


28452364 

9439104 
OUTPUT 

1518717 


FREQUENCY IN HERTZ = 
EFFECT ON 
GUTPUT x 

NOMINAL=18.2265718 


WORST CASE? 
MINIMUM=14 


o 
oS 
orm o 
etme NON 


oom 


” 


362140998 


000 


VALUE 
VALUE 
<< END OF AC. TR AMP >: 


ANOTHER TRY (Y/N)? N 


PARAM. VALUE 


PART R3 
PART R3 
PARAM. 
PART R3 
PARAM, 


eee ene eeeenet Ce Ae 
APFLE/CIRCUIT 1.0 Rx 
Md «x 
xx DC.TR AMP xx 
xx xx 
a: JOHN DOE 2/16/81 OK 
eeatieteeseceteeee ste 
<< FILE - BC.TR AMP >> 
PART VALUE TOLZ FROM TO C-PART 
Vcc 65 V 0 0 1 
VBE .6 V 10 3 2 
RCC 1 OHM O ¢) 1 
RB 100 OHM 10 3 2 
RE 26 OHM 10 3 0 
RA 190000 OHM 3S 4 2 
100 OHM 5S 1 4 
B 150 30 3 4 


GRD CIES ETO ERY EY ONES URED EE HEE WHOS Kume CEOS FETE 2UD Fete TEDW ETD GORD ORNS OND UmeD enae GRD fmoy SHES SoEE Coy FULD omy SeRS CEay CRT EMD SUR wD umes e539, 
quite ENED Aer FES! CAD PCED CRE SOE LACE UDG MOD CRE Me ERTN MRC CIS RAN BoD ATID OOS Se SEMP CLI URE ThE EID HII IOP CANS SIE GES ONS Ue TD CUED eee Ora) 


<< YOLTAGES AND POWERS >> 
NODES VOLTAGE: 


50987. 
239371338 
(NEGATIVE POWER = SUPPLYING POWER ) 


PART? POWERC MW. D3 


PRES OND GUE BENE URE URED BEE KUTT Ce OG Ged Son inary ED owes Meee SHOT 


VY -~13 +02 

URE Ot 

RCC 4 Oi 

RB <.O1 

RE 018 

Ri 203 

R2 6.78 

BR 6.02 

SSS SS SSS SVS SSS SSS SSS SSS SSS SS SSS SSS SSS SS 
<< PART EFFECTS & WORST CASE >> 

PART EFFECT ON TOLERANCE 

NAME OUTPUT % EFFECT 2% 

VCC 85.15 0 

VRE 14.85 , 1.48 

RCC —.044213939 ae 

KB 042894991 4.2894991E-03 

RE 1.67 0167491225 

Ri 42.5 2.13 

R2 -44,.08 we ee 

R -42 e 17 -12 % 63 

WORST CASE? OUTFUT VOLTS 

MINIMUM = 1.99435713 

OMINAL = 2,39371338 

MAXIMU = 2.90618289 


.911825764 (38.09 %) 


C8 ee GRE CNN Goo CONG Stew Rie Gone CORE Rime DEKH ELD MEE femme ENED GOGE SERS Coan SUES ater Coen geen GOED EEte HHOD mim GRAD ENES RIES SEED OTN GEUY abo angD EW ere eSOO 
erg me erat nee Sec) Gi seme Kfew eum Ceo Dems Une CRE CORO GO SAL One Cone mun HM Homo Aen ome Re one COTE Seo AD OMS MEGS ORT ARG CT MES ORE CD PRUs OLED 


NUMBER OF TRIALS (19) = 10 
NOMINAL = 2.39371338 VOLTS 
AVERAGE = 2,38244119 VOLT 
STU DEV = 1191639553 VOLTS 
99 PERCENT FALL WITHIN: : 
MINIMUM = 1.88801114 VOLTS 
MAXIMUM = 2,.97687123 VOLTS 


GRR ORD ORCS THD FRAT Bret Seow ME Fite Lines cH toee Ser come cae erce nome Ere eens cowe eon Sven SES 606m SeEP SETS ETSS CGne Seey Smee coen CONS © ooee on oe 


PTIMIZED = 
AGE = 265 


ae | 


OUTPUT VOLTAGE = 


PART Ri 
OUTPUT VOLTAGE 


ANOTHER TRY (Y/N)? N 
RETURN PART TO ORIGINAL VALUE (Y/N)? N 


CORD CANO CORY CHES COD ENOL ChEe THES SUES OST SEES SERS BOTY FERS BERD FOEH CURD ERS POSE FOES eerEE SHED HOWE FOr SEDER TEND EOD COUT OND PATH TROD TYTT SHOE OPT SET CTRD BPoe SEND 
ORD GOOD CIE COMM TENS COE THE HED BEL UES SBEE SOFT SEI CEH ROME HER CE TEST CONN CED ONES UNRS TEED SORE SURE CEE OEE MOOT INE CANE CER OTT PRR EI RED DN GID eRe 


<< CHANGE OUTPUT NODE >> 
CAUTION NODE EXCHANGE CAN CAUSE ERRORS 
NEW OUTPUT NODE # = 3. 
NODE 3 15 NOW NODE 4 
NODE 4 IS NOW NODE 3 


(CCS Ce SETY CREP UTES Eber GET CERO COU SETR COME SRE: ODED VED SHED SDT SHED SEED GHD SUEY OTES SUPR SEs SURE SEES CO MOM RRL GOW TER Stn OED net ODED SEER OOH HEEH wom 
GDS ORME TELE CUED EHD SOUS ERT Teey ONE EVES CHES <REN GEER GEER ERED GOES EHO COLT GBH GED HReT CPA ENED ERED SOGE REM SHED MUD CoE OOS KORE OOM OM_P Soee aE wTEN GRD CT 


<< FILE - DC.TR AMP >> 


hoe Poe Poe 


PART VALUE TOLZ FROM TO C-PART 
VCC 95 V ) Q 1 

VBE .6 V 10 4 2 

RCC 1 OHM O 0 ‘ 

RB 100 OHM 10 4 2 

RE 26 _._GHM 10 4 0 

Ri 110849.8130HN 3S 3 2 

R2 1000 OHM S 1 3 

B 150 30 4 3 RB 


<< TRIAL RUN & TEST LIMITS >> 


UMBER OF TRIALS 200¢ = 
NOMINAL = a ee eh 8 SoLts 
AVERAGE = .06415 VOLTS 
STD V= Se BI 3B6SS5E— 03 VOLTS 
99 PERCENT FALL WITHIN: 
MINIMUM = .04913078 

MAXIMUM = .079718193 


<< END OF DC.TR AMP >> 


ROCIO COOK GO IO OK OIC IOHOK HK 
ris APPLE/CIRKCUIT 1.90 XK 


x 
xe N-C CIRCUITS xx 
xx *x 


HK A. F. PETRIE 2/12/81 «x 
Titectirtesetetegseteteseetet eer ss 2% 
YOUR NAME? JOHN DOE 

DATES 2/16/81 


TOGO OIC ICICI COOK KOK 
APFLE/CIRCUIT 1.0 


ae D-C CIRCUITS 


“or 


Joe Bef See ben Gee ee ae SS Se 
Oo 


QNHIOsSoOsdecCcz 


SELECT BY LETT 
(TO EXIT ROU 
LE. 


DISK VOLUME 254 349 
A O22 H APPLE/C 
038 A COPYRIGHT 
048 DAPPLE & A 
AC.~TR AMP 
003 AC.FILTER 
C.TR AMF 
002 DC.OFP AMP 
AC. R61 
008 DC.R81 
NAME OF FILE = DC.TR AMP 


Co neker Acedhcantkaihne-Reeieriece Meese dbenodteedtvaadarcdbesudbacetpasedbeseterptoediotalbeatincesttendtteestonattaedttaadinetbensdtenatterear tencdiacrttesdee teaet 
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<< FILE - DC.TR AMP >> 
PART VALUE TOLZ FROM TO C-PART 


= 
oo ¢ 
& PMO hoe 


RB 


AJ 
ros 
= 
oS 
o 
oS 
oS 
o 
oS 
pe 
zx : 
MWe OMS 


90 0 
<< ASSEMBLING CONNECTIONS >> 


eT th ae 


k APPLE/CIRCUIT 1.0 x 
es 40K 
ee DC.TR AMP ok 
xt 4K 
os JOHN DOE 2/16/81 1 
FIGS O OOOO COO GOR OO OIO IOI KOK 
PRINTER IS$ OFF 
L - LOAD. FILE. FROM. DISK 
P — PRINTER ON/OFF 
R — REVIEW CURRENT FILE 
UV — VOLTAGES AND POWERS 
W- WORST CASE & FART EFFECTS 
es arith RUN & TEST LIMITS 
Oe PUTER ERT OUfEdT None 
C - CHANGES TO CURRENT FILE 
Ye BONE FILE ONTO DISK 
8 - BOYE TALE PROeRAA 
SELECT BY LETTER: P 
PRINTER ‘PROBLEM 
TURN PRINTER ON AND ’ON LINE’ 
F YOU ARE NOT USING AN APPLE 
RINTER INTERFACE CARD, THE PRINTER _ 
COMMANDS IN THIS PROGRAM MAY NOT WORK 


PROPERLY. 
IF YOUR PRINTER IS “ON LINE’» AND THIS 


MESSAGE IS STILL HERE» THEN YOUR 
PRINTER CAN’T BE USED WITH THIS 
PROGRAM. | 

PUSH “RESET’ TO START AGAIN FROMTHE 
BEGINNING AND DON’T USE THE PRI 
COMMAND IN THIS PROGRAM (SORRY). 

MERAH KKK KKK KKK KKK KA KKK KK KR KKK KKK KKK 
HR APPLE/CIRCUIT 1.0 OK 
am OK 
we DC.TR AMP KK 
KH 4K 
ME | JOHN BOE 2/16/81 OK 
MK KKH K MK KRM MK AK KK HK KK KK OK KOK KKK KK 


ERO CORRS CRE CFTR GPRD COM GEER GoD CUR eae EID ore> Onw coer CUES CEES GERD STDS GETS GEL CSRS SEDO CONE CHET COTS CD92 THD OFDD CRW COED S960 SORE Can" seO5D ORD CCS 


<< END OF DC.TR AMP >> 


APPENDIX B — SETTING UP TIE APPLE II SYSTEM. 
This appendix includes a list of the equipment you will need to use the 
Circuit Analysis Programs on your Apple II. You do not need to read all the 
manuals but they should be on hand to answer questions that may arise in 
operating the equipment (eg. how to boot the diskette). 

In order to be able to provide Special Delivery Software at a lower cost 
the master program diskette has been copy protected and write protected. It 
is suggested that you put this diskette in a safe place in the event that you 
should need to use it following damage to the backup diskette. 

The Circuit Analysis programs are written in Applesoft BASIC. To use 
them you will need the following equipment. 

-an Apple II Plus with 48K bytes of RAM; or 

-an Apple II with 48K bytes RAM and an Applesoft firmware card; or 

-an Apple II with the Language System. 

Plus: 
-an Apple Disk II with Controller (16 sector PROMs); 


-a video monitor or television. 


For reference you should have on hand a copy of the following manuals: 
-This Manual; 

~Apple II BASIC Programming Manual (Setting up the Apple II); 

-DOS Manual (How to boot the diskettes). 
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Dear Customer: 


IMPORTANT: SPECIAL DELIVERY SOFTWARE 
products purchased from APPLE or authorized 
APPLE dealers are provided to you subject to 

the Terms and Conditions of this Software License 
Agreement. Should you decide that you cannot 
accept these Terms and Conditions, then you 
must return the product to the point of purchase, 
with all documentation and with this License, 
marked “REFUSED; within the 7-day examination 
period following receipt of the product. 


1. License. APPLE grants to you, upon receipt 

of the product, a nonexclusive license to use the 
enclosed SPECIAL DELIVERY SOFTWARE product, 
subject to the terms and restrictions set forth 


in this License Agreement. 


2. Copyright. SPECIAL DELIVERY SOFTWARE, 
including its documentation, is copyrighted by 
APPLE or, in some cases, by APPLE’s software 
suppliers. You may not copy or otherwise reproduce 
the SPECIAL DELIVERY SOFTWARE or any part of 
it, except as expressly permitted in this License. 
Any SPECIAL DELIVERY SOFTWARE product that 
is not copy-protected may be copied for back-up 
use only, provided that you reproduce all copyright 
notices and other proprietary legends on such 
copies. 

3. Restrictions on Use and Transfer. The original 
and any back-up copies of SPECIAL DELIVERY 
SOFTWARE are intended for your personal use in 
connection with a single computer. You may not 
distribute copies of, or any part of, SPECIAL 
DELIVERY SOFTWARE to others without the 
specific granting of a Software Distribution License 
from APPLE for that purpose. 


4. Media Warranty. To the original purchaser only, 
APPLE warrants the diskettes on which SPECIAL 
DELIVERY SOFTWARE is recorded to be free from 
defects in materials and faulty workmanship under 
normal use for a period of 90 days after the date 


_ SPECIAL DELIVERY 


SOFTWARE ™ 


CUSTOMER LICENSE 


AGREEMENT 


of purchase. If, during this 90-day period, a defect 
in the diskette should occur, the diskette and a copy 
of your receipt may be returned to the SPECIAL 
DELIVERY SOFTWARE Operation at APPLE, and 
APPLE will replace the diskette without charge. 
Following the 90-day period, and for as long as 
the product remains in the SPECIAL DELIVERY 
SOFTWARE catalog, APPLE will replace defective 
diskettes for a fee of $15. Your sole remedy in 

the event of a defect in the diskette is limited to 

the replacement of the diskette as provided above. 


5. LIMITATIONS ON WARRANTY AND LIABILITY. 
EXCEPT AS EXPRESSLY PROVIDED FOR MEDIA, 
APPLE AND ITS SOFTWARE SUPPLIERS, 
DISTRIBUTORS, AND DEALERS MAKE NO 
WARRANTIES, EITHER EXPRESSED OR IMPLIED, 
WITH RESPECT TO THE SPECIAL DELIVERY 
SOFTWARE, ITS MERCHANTABILITY, OR ITS 
FITNESS FOR ANY PURPOSE. SPECIAL 
DELIVERY SOFTWARE IS LICENSED SOLELY ON 
AN “AS IS” BASIS. THE ENTIRE RISK AS TO 

ITS QUALITY AND PERFORMANCE IS WITH YOU. 
SHOULD THE SPECIAL DELIVERY SOFTWARE 
PROVE DEFECTIVE, YOU (AND NOT APPLE OR 
ITS SUPPLIERS, DISTRIBUTORS, OR DEALERS) 
ASSUME THE ENTIRE COST OF ALL NECESSARY 
SERVICING, REPAIR, OR CORRECTION, AND 
ANY INCIDENTAL OR CONSEQUENTIAL 
DAMAGES. IN NO EVENT WILL APPLE ORITS 
SUPPLIERS, DISTRIBUTORS, OR DEALERS BE 
LIABLE FOR DIRECT, INDIRECT, INCIDENTAL, OR 
CONSEQUENTIAL DAMAGES RESULTING FROM 
ANY DEFECT IN THE SOFTWARE, EVEN IF THEY 
HAVE BEEN ADVISED OF THE POSSIBILITY OF 
SUCH DAMAGE. SOME STATES DO NOT ALLOW 
THE EXCLUSION OR LIMITATION OF IMPLIED 
WARRANTIES OR LIABILITY FOR INCIDENTAL 
OR CONSEQUENTIAL DAMAGES, SO THE ABOVE 
LIMITATIONS MAY NOT APPLY TO YOU. 


SPECIAL DELIVERY SOFTWARE™ 
10260 Bandley Drive 
Cupertino, CA 95014 


